SNACKING SEALS PAY THE PRICE
Predators stalking victims are part of the stock-in-trade of wildlife TV programs; we're fascinated by these creatures and the way they dominate their environment. But as Terrie Williams explains, we know virtually nothing about the physiology of these majestic creatures as they pursue and devour their quarry, and even less about predators in the aquatic environment. This didn't deter Williams. Setting out in the early 1990s to monitor Weddell seals hunting in the seas around Antarctica, Williams teamed up with engineers and behavioural scientists to develop tracking equipment small enough not to disturb the animals, and begin recording the first physiological measurements on actively foraging seals (p. 973).
But it was tailoring the cameras, accelerometers and other equipment to the seals that took Randall Davis, William Hagey and Markus Horning the most time. Eventually, the team designed a small canister, that could be carried on a seal's back, to monitor their activity as they plumbed the depths. Mounting a near infrared illuminated camera on the seal's head, the team were ready to send the animals foraging in the icy waters.
But there was one more problem. Would the seals return with their $50,000 back pack? Williams and Lee Fuiman realised that the only way to get them back to the camp was if they had their own private breathing hole. The team headed across the ice shelf until they found an unbroken region of ice. Having drilled a seal-sized hole in the ice, Williams and her colleagues despatched the first seal on its metabolic mission. Fortunately, after a nerve-wracking wait, the pioneer bobbed back to the surface; the team were ready to see whether their patience had been rewarded.
Williams admits it was a 'champagne' moment when she saw the first video data collected by the foraging seal; she could clearly see the fish the animals had caught. And by placing a respirometry dome over the ice hole as the animal surfaced, Williams could also record the amount of energy that the animal had used while swimming beneath the ice. Coupled with the accelerometer tracking the animal's fin strokes and temperature recordings, the team had successfully recorded some of the first physiological data while an animal foraged and digested its meal.
Knowing how much energy the animal used in a dive and the number of strokes taken, Williams and the team were able to calculate the energy used per stroke while the animal foraged. It was only 0.044 ml of oxygen per kg body mass per stroke, making seals considerably more efficient than terrestrial hunters. Also, Williams calculated that the animals took enough oxygen on board to sustain 1400 strokes during a dive, extending the duration by incorporating oxygen-conserving glides. And when Williams calculated the amount of energy that the animals used foraging and digesting, she discovered that they consumed 44% more energy digesting their hard won meal, than when they were simply hunting.
Williams is very excited to have finally begun scratching the surface of the remarkable physiological lengths that predators go to get a meal. But having tracked the animal's antics during daylight hours, she is now keen to find out how seals locate lunch during the long winter months of Antarctic darkness. 
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DIAPAUSE'S SHOCKING SWITCH
Growing up on a nicely decaying lump of flesh is the best start in life a Sarcophaga crassipalpis larva can get. Rotting flesh, gaping wounds, Sarcophaga parents will deposit their larvae on any old piece of meat, making them true flesh flies, by name and nature. But there's one thing this insect doesn't like, and that's winter. At the first sign of shorter days, the adults trigger a developmental program that will see their next brood safely through to spring by arresting the pupae's development in a process called diapause. And once THE JOURNAL OF EXPERIMENTAL BIOLOGY 207 (6) pupae from diapause with a dose of hexane to see how the proteins responded. Again Hsp23 and Hsp70 vanished, and it was only after the flies' developmental program was fully initiated that their Hsp23 and Hsp70 levels rose to protect them from the desiccating conditions. Hayward realised that if the two heat shock proteins were there, the pupae couldn't escape diapause. Development could only be resumed if both Hsp23 and Hsp70 had vanished. The proteins seem to be a key component of the pupae's diapause machinery, keeping the pupae safe from harm until danger passes. Sidell and Hazel headed south to Antarctica to gather Trematomus newnesi from the icy southern ocean. But instead of returning to their US labs with the fish they trapped, the team took up residence at Palmer Station, where they began analysing lipase enzymes in the fishes' adipose tissue. Sidell explains that the laboratory facilities at Palmer are 'terrific [because] the normal daily disruptions melt away down there'. Together, Sidell and Hazel successfully purified two enzyme fractions from the adipose tissue with lipase activity: hormone-sensitive lipase and lipoprotein lipase. Knowing that hormone sensitivelipase was the rate-limiting fat-freeing enzyme, the team decided to focus on it, to find out whether it has any preference for the fatty acids it liberates.
But the wide range of triacylglycerides found in the fish's adipose tissue made it difficult to test the enzyme's specificity with isotopically labelled fatty acids; they simply weren't available. Instead Sidell and Hazel turned to a competition assay, offering the enzyme a choice between radioactive triolein, a triglyceride found in the fish's adipose tissue, and other triglycerides found in the fish's tissue to see whether the enzyme had a triglyceride preference. Testing the enzyme's selectivity over a range of saturated, monounsaturated and polyunsaturated fatty acids, Hazel and Sidell were able to identify the enzyme's preferred triglycerides. Polyunsaturated and monoenoic fatty acids both came out on top, while the enzyme barely processed saturated fats at all. Not only was the enzyme highly selective, but it seemed to have a preference; the lipase liberated the fatty acids that the fish consumes to meet its catabolic demands.
Pleased that the enzyme only seemed to mobilise fuel from adipose stores, Sidell took a closer look at the triglycerides that the enzyme left behind 'The enzyme worked particularly poorly on triacylglycerides containing myristic acid' says Sidell. And when he looked at the fatty acids found in the fishes' adipose tissue, he realised that this was one of the major triacylglyceride components in Trematomus' lipid stores. The enzyme appeared to be actively selecting the fish's favourite fuel while accumulating buoyant myristic acid to keep the fish bobbing about. triggered there's no turning back, the diapause program must run its course; only then will the pupae mature into next spring's adults. For more than thirty years, David Denlinger has been fascinated by the mechanisms that maintain the flies' suspended state. Having originally focused on the diapausing insect's ability to survive icy temperatures, Denlinger and Scott Hayward have now turned their attention to the pupae's ability to handle drought. Exposing both developing and diapausing pupae to a desiccating environment, Hayward tracked the insect's stress protein responses as they dried out, and was amazed when he found that some stress proteins could be a major component of the insect's diapause regulating machinery (p. 963).
The proteins Hayward and Denlinger decided to track were the Heat Shock Proteins (Hsp), which despite their name protect cells from many more stresses than heat. Hayward triggered diapause in some of the pupae by shortening their day length, while leaving the other pupae to continue developing with 15 hours of light per day. Placing the pupae in low humidity chambers, he waited to see how their heat shock proteins responded to the stress.
Working with Joseph Rinehart, Hayward realised that as the developing flies dehydrated, they began producing high levels of two heat shock proteins, Hsp23 and Hsp70. However, the diapausing pupae were already producing high levels of the proteins before they began dehydrating, and the added stress didn't alter their Hsp23 or Hsp70 levels. Interestingly, a completely different group of Hsps responded to stress recovery during rehydration, Hsp90 and Hsc70, and this response was the same in both developing and diapausing flies.
Hayward also looked at the insect's responses to dehydration just after they had quit diapause and resumed developing into adults. But he was surprised to see that Hsp23 and Hsp70 had vanished from the dehydrated insects. How could this be? Both proteins are sure-fire indicators of dehydration stress, and these insects were experiencing a serious drought. If Hsp23 and Hsp70 had vanished, even under these dry conditions, maybe Hsp23 and Hsp70 were doing something else. Maybe both proteins were a component of the insect's diapause machinery, and development could only be resumed once the proteins had vanished.
This time, Hayward aroused the dehydrated
CHOOSY ENZYME KEEPS FISH AFLOAT
When the icy waters around Antarctica became isolated from the rest of the planet's oceans, the creatures trapped there had no choice but to adapt or die, and notothenioids were no exception. Evolving from bottom-dwelling ancestors that lacked swim bladders, notothenioids couldn't resort to an air-filled buoyancy aid to get them to the surface. Instead, they retain neutral lipids to give them the extra lift. But having evolved an alternative approach to buoyancy control, the fish were faced with a dilemma: how could they retain buoyant adipose tissue, while using fats for fuel? Puzzled by this apparent conundrum Bruce Sidell and Jeffery Hazel headed south to the US Antarctic Survey's Palmer Station to investigate the machinery of lipid liberation and see how notothenioids had resolved the quandary. Focusing on an enzyme that mobilises fats from lipid stores, Sidell and Hazel were surprised to discover that the enzyme is selective, allowing buoyant lipids to accumulate and keep the fish afloat (p. 897).
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Half an hour soaking in a bath will leave you in no doubt about the problems associated with an aquatic life style; we soak up water. And it's the same for freshwater fish. On the other hand, oceangoing species have a different problem; they face desiccation in salty waters. Fortunately, fish have solved their osmotic problems with ion-pumping proteins in their gills to maintain a healthy osmotic balance; sea dwellers excrete salt, while fresh water species absorb salts from the environment. But what about the species that leave their river homes when young to head out to sea? Somehow they have to throw the ion-pumping switch or face certain death. Intrigued by trout's gill metamorphosis, Greg Goss and his colleagues at the University of Alberta began looking at the cellular and molecular changes the fish undergo as they embark on a journey out to sea (p. 905).
First the team monitored the ratios of different gill cell types as the salt levels rose. Categorising cells by whether or not they bound peanut lectin agglutinin, Goss found that the ratio of cells changed dramatically as the salinity rose. And when the team looked at the ion-pumping proteins in each cell type, they changed too as the water became saltier. Not only were the gill cells altering their function, but their distributions changed too. And when Goss took a closer look at one of the gill subtypes, he realised that we have more in common with fish than enjoying a quick dip; the cells were very similar to acidsecreting cells found in mammalian kidneys. 10.1242/jeb.00893 Hawkings, G. S., Galvez, F. and Goss, G. G. (2004) . Seawater acclimation causes independent alterations in Na + /K + -and H + -ATPase activity in isolated mitochondria-rich cell subtypes of the rainbow trout gill. J. Exp. Biol. 207, [905] [906] [907] [908] [909] [910] [911] [912] Kathryn Phillips kathryn@biologists.com 
